Introduction
The study of antigen processing and presentation has contributed greatly to our understanding of immunodominance over recent years. It is now widely accepted that, in order to predominate in the immune response, T-cell epitopes must be readily generated by antigen-presenting cells (AF' Cs) and expressed on their surface bound to products of the major histocompatibility complex (MHC): those epitopes whose primary sequence precludes their release during proteolysis remain cryptic, while those expressed at low levels may elicit only subdominant responses [1, 2] .
The affinity of an epitope for its restriction element may further contribute to its position in the hierarchy of immunodominance, epitopes of high affinity competing successfully with those of low Abbreviations used: APC, antigen-presenting cell; Con A, concanavalin A; FCS, fetal calf serum; Fmoc, fluoren-aylmethoxycarbonyl; IL-2, interleukin 2; IMDM, Iscove's modified Dulbecco's medium; MBP, myelin basic protein; MHC, major histocompatibility complex; OVA, ovalbumin; PBS, phosphate-buffered saline; pM4, peritoneal macrophage; to. time zero; t1,2, half-life. ' To whom correspondence should be addressed affinity for binding to nascent MHC determinants [3] . Indeed, so high is the apparent affinity of certain epitopes derived from foreign antigens that their interaction with class I1 molecules is reputedly irreversible [4] . Nevertheless, we have recently identified an immunodominant epitope which violates these principles; far from binding irreversibly to class I1 determinants, this epitope exhibits an affinity so low that the half-life (t,,2) of peptide-MHC complexes cannot be measured in vitro [ 51. Significantly, this epitope is derived from the self component, myelin basic protein (MBP), rather than a foreign antigen. Paradoxically, therefore, the low affinity of the acetylated N-terminal peptide, Acl-1 1, may contribute to its immunodominance, since, being poorly presented in the thymus, it may fail to induce self-tolerance, permitting autoreactive T-cells to populate the periphery [6, 7] .
Recent studies of this epitope by others have endorsed our initial observations [8] , while providing evidence that they apply equally to a number of autoantigenic epitopes in the rat [9] . These findings suggest that low affinity for MHC may be a property common to many self-epitopes constituting a novel route by which autoreactive T-cells escape self-tolerance. T o address this possibility Volume 23 directly, we have therefore extended our studies to a second immunodominant epitope of MBP in H-2" mice. Although synthetic peptides encompassing this epitope have been shown previously to bind with high affinity to I-A" [lo] , it remains to be determined whether their affinity is representative of the naturally processed epitope. Here we address this issue by measuring the t,,2 of peptide-MHC complexes on the surface of viable APCs after processing of a 30-mer peptide spanning the minimal encephalitogenic epitope.
Materials and methods

Mice
BALB/c (H-2d) and SJL (H-2") mice were obtained from Harlan Olac (Ricester, U.K.) and were maintained under Specific Pathogen-Free (SPF) conditions in our own facilities at the Department of Pathology, University of Cambridge.
Peptides and protein antigens
Peptides were synthesized using standard fluorena-ylmethoxycarbonyl (Fmoc) chemistry on an LKR Biolynx 4175 synthesizer using protocols which have been described in detail elsewhere [S] . All autoantigenic peptides were based on the published sequence of murine MBP [ 111, with the exception of an analogue of the encephalitogenic peptide, Acl-11, in which the lysine residue at position 4 was replaced by an alanine, thereby increasing the affinity of the peptide for I-A" by a factor of 10 [12] . The sequence of OVA323-339 was as follows: ISQAVHAAHAEINEAGR.
Whole ovalbumin (OVA; Sigma, Poole, U.K.) was prepared by dissolving the purified protein in Iscove's modified Dulbecco's medium (IMDM) and centrifuging at 3000 g over Millipore filters capable of retaining only those components of M, greater than 30 000 (Millipore, Watford, U.K.), thereby excluding from the preparation any peptide fragments or degradation products.
Cell lines
123102.9 and the B-cell hybridoma PL-8 express high levels of I-A" and I-A" respectively and were therefore used as APCs for measuring the tl,2 of peptide-MHC complexes. Such complexes were detected at the cell surface by means of the T-cell hybridomas 89-101.12.3 [I31 and 1934.4 [12] . These hybridomas recognize residues 84-96 of murine MBP bound to I-A" and the acetylated N-terminal peptide, Acl-1 1, in the context of I-A" respectively. 3D0-54.8, a kind gift from Dr. Lucian0 Adorini, is specific for the high-affinity epitope of ovalbumin, OVA323-339, in the context of I-Ad. Activation of all hybridomas was measured as a function of interleukin 2 (IL-2) release, using the 11, -2-dependent cell line, HT-2 [ 141. All hybridomas were cultured in IMDM (Gibco, Paisley, U.K.) supplemented with 5% fetal calf serum (FCS) (Flow Laboratories, Irvine, U.K.), 2 mM 1,-glutamine (Gibco), 5 x 10 -5 M 2-mercaptoethanol, lOOunits.ml-' penicillin and 100pg*ml-l streptomycin (IMDM-5).
Preparation of peritoneal macrophages
Peritoneal macrophages (pM$) were used as a source of APCs in all experiments requiring processing and were elicited by the intraperitoneal injection of 1 mg of concanavalin A (Con A: Sigma, Pool, U.K.) in 500 pl of phosphate-buffered saline (PBS) [15] . After 5 days, animals were killed and the peritoneal exudate cells harvested in 0.9% NaCl, washed and plated at 7.5 x lo4 cells per well of a 96-well microtitre plate. Cultures were incubated at 37°C for 45 min and individual wells washed carefully to remove non-adherent lymphocytes, leaving a monolayer of pM$.
Antigen processing assays
Antigenic peptides or whole OVA were titrated into wells containing adherent pM$ and processing was allowed to proceed at 37°C. Processing was inhibited by the prior fixation of pM$ using 0.5% paraformaldehyde (HDH, Poole, U.K.) as described previously [5] . The rates of elution of the natural epitopes of MBP or OVA were measured by incubating pM$ with antigen and permitting processing to proceed for 4h. Cultures were washed free of excess antigen, overlaid with IMDM-5 and maintained at 37°C. At specified time points (0, 15, 30, 60, 120 and 240min), cultures were fixed, washed thoroughly and the appropriate T-cell hybridoma added at 5 X lo4 cells per well. Cytokine release was employed as an indication of T-cell activation and was calculated as the arithmetic mean of triplicate cultures.
Results
The minimal epitope of MBP, 84-96, binds to LA' with high affinity T o test claims that the encephalitogenic epitope of MBP in H-22 mice binds class I1 determinants with high affinity [lo], LS102.9 cells were incubated with 84-96 for 1 h in a water bath at 37°C. The cells were washed, resuspended in IMDM-5 and returned to the water bath, aliquots of cells being retrieved and fixed in paraformaldehyde at specified T o determine the stability of complexes between I-As and the epitope generated during proteolysis of 75-105, we next incubated SJL pM# with this peptide and allowed processing to proceed for 4 h at 37°C. By this time, significant numbers of complexes would be expected to have accumulated at the cell surface (see above). Cultures were therefore washed thoroughly to remove excess peptide, overlaid with IMDM-5 and fixed at specified time points thereafter. As anticipated from earlier experiments (Figure 1 a) These results therefore provide circumstantial evidence to suggest that low affinity for class I1 is a property shared by the immunodominant epitopes of MBP, irrespective of their restriction element. 
Discussion
Although it is widely accepted that high affinity for MHC is characteristic of the immunodominant epitopes of a foreign protein [3] , it remains uncertain whether the pathogenic determinants of an autoantigen share these properties. While recent studies using peptides spanning the entire sequence of MBP have identified regions of the molecule with just such high affinity [10, 17, 18] , our own experiments have revealed the association between Ac 1 -1 1 and I-A" to be of immeasurably low affinity [5, 8] . The findings presented here contribute to this debate by demonstrating that peptides encompassing a known autoantigenic determinant may exhibit an affinity unrepresentative of the naturally processed epitope. Although pM# from SJL mice are capable of releasing from 75-105 an epitope recognized by encephalitogenic T-cells (Figure 3 b) , the relevant peptide-MHC complexes dissociate so rapidly at the cell surface as to prevent their detection at to (Figure 3c ). These kinetics are reminiscent of the low-affinity epitope Acl-11 (Figure lb Volume 23 the minimal epitope may substantially interfere with its presentation in vitro [19] . Although in the absence of sequence data the nature of differences between the naturally processed epitope of MBP and the minimal determinant remains speculative, it may be significant that iesidues 97 and 98 of murine MBP are both represented by proline, as is the C-terminal residue 96. Should processing by APCs fail to cleave these proline residues, their presence may significantly distort the tertiary structure of the peptide, substantially decreasing its affinity for I-As: in addressing this possibility, we are currently attempting to isolate and sequence the products of antigen processing by employing subcellular fractionation of pM$ pulsed with 75-105.
Our findings sound a note of caution concerning conventional approaches to the characterization of pathogenic determinants of an autoantigen: while analysis of overlapping peptides spanning the entire molecule may identify potential epitopes, their affinity for MHC may be misleading, providing few clues as to the affinity of the naturally processed epitope. Furthermore, by its very nature, acid elusion of MHC molecules preselects for high-affinity epitopes: since our results support the notion that low affinity for class I1 may be a property shared by many autoantigenic epitopes, such an approach may actively exclude those determinants of greatest importance. 
